and potentially increasing the risk of accidental falls. Cancer treatment also has been linked to muscle wasting (Demark-Wahnefried et al., 2001; Freedman et al., 2004; Harvie, Campbell, Baildam, & Howell, 2004) , peripheral neuropathy in the feet (Kuroi & Shimozuma, 2004) , and vestibular ototoxicity (Croes, Koop, van Gils, & Neef, 2012) , all of which have an impact on balance and falls in older adults (Chen et al., 2009; Inokuchi, Matsusaka, Hayashi, & Shindo, 2007; Orr, 2010) . Concurrent decreases in bone mineral density also may increase the risk of fractures from any fall event.
One-third of people aged 65 years and older in the general community will fall every year, with half of those falling multiple times (Tiedemann, Sherrington, Sturnieks, & Lord, 2012) . For the many people living with cancer, the literature provides disparate results regarding the rate of accidental falls. For example, fall rates have been reported at 50% just prior to accessing palliative care services (Stone, Lawlor, Nolan, & Kenny, 2011) ; this may be because of the progression of the disease and higher dose of medications to treat cancer. However, once in palliative care, fall rates drop to 17% (O'Connell, Cockayne, Wellman, & Baker, 2005) , perhaps because of lower mobility and confinement to a bed. Some evidence also links a cancer diagnosis to an increased fall rate in people in acute hospital situations (McCarter-Bayer, Bayer, & Hall, 2005) . No consensus exists on accidental fall rates in community-dwelling survivors.
The aims of this systematic review were to identify whether rates of accidental falls were different for people living in the community during and posttreatment compared to those without a cancer diagnosis and to establish the foundations for additional experimental research in this area.
Methods
A systematic literature search of databases (MED-LINE ® , EMBASE, PubMed, and Web of Science) was performed in December 2013 to identify articles written in English regarding accidental falls and cancer published previously, with no limits to dates. The search was performed using the Medical Subject Headings (MeSH) terms with cancer or oncology in combination with accidental falls. Additional articles were identified by manually checking the reference lists of included papers and doing a hand search of grey literature. Articles were stored in an EndNote library during the screening process, and duplicates were removed. Two researchers independently reviewed the articles for inclusion after reading titles, abstracts, or full text, as required. Authors were contacted to clarify whether inclusion criteria were met if this was not apparent after reading the full text. The number of articles included and excluded at each time point is recorded in Figure 1 .
Articles were included if the population was adults living in the community who had been diagnosed with any type of cancer (excluding leukemia) and fall rates were included as an outcome measure. Data that were collected in acute hospital settings or palliative care were excluded. Study designs included prospective Records excluded (n = 1) and retrospective observational and cohort studies, as well as case-controlled studies. This research project complied with the Declaration of Helsinki, with all of the articles reviewed having received ethical clearance from their relevant authorities.
Data Extraction
A standardized data extraction tool was developed by the research team to review the level of evidence and quality of the studies selected. In addition, information was collated on the number of participants, age at recruitment, description of groups that participated (e.g., cancer or no cancer), population characteristics (e.g., type of cancer, male or female), type of treatment received (e.g., radiation, chemotherapy), study setting, stage of cancer, and falls data outcomes for the groups. Any methodologic issues that may have given rise to bias also were recorded. Included studies were reviewed for bias under the following domains: selection, performance, detection, and reporting bias.
Two reviewers of the three available randomly were assigned to extract data from each article and did so independently. Subsequently, discussion among the reviewers took place to obtain an overall consensus on the data to be used for the systematic review.
Data Synthesis
Data from the studies that included a comparator group, which allowed comparison of fallers and those who did not report a fall, were synthesized from unadjusted data in a meta-analysis using RevMan, version 5.3. Despite a large variety in the ways in which the outcome of interest (fall rates) was described, risk ratio was calculated. Data were assessed for heterogeneity using I 2 statistic.
Results
Of 484 publications identified in the initial search, 12 met inclusion criteria. Two were subsequently excluded; one reported on duplicate data, and one only reported data from participants who had suffered from an accidental fall. The remaining 10 were included in the authors' systematic review. The study designs included retrospective cohort studies (Bylow et al., 2008; Spoelstra et al., 2013) , several prospective cohort studies (Puts et al., 2013; Stone et al., 2011; Tofthagen, Overcash, & Kip, 2012; Twiss et al., 2009) , observational prospective studies (Chen et al., 2009; Overcash & Beckstead, 2008) , one observational retrospective study , and one casecontrolled observational study (Bylow et al., 2011) .
Six of the 10 studies were based on a mixed gender population with multiple forms of cancer Overcash & Beckstead, 2008; Puts et al., 2013; Spoelstra et al., 2013; Stone et al., 2011; Tofthagen et al., 2012) . The four remaining studies consisted of two studies of men with prostate cancer (Bylow et al., 2008 (Bylow et al., , 2011 and two women-only studies, one comparing cancer with a control group (Chen et al., 2009 ) and one of which studied the effects of exercise on patients with breast cancer (Twiss et al., 2009) . Sample sizes ranged from 50-146,959 patients, including seven smaller studies; five studies included fewer than 150 participants (Bylow et al., 2008 (Bylow et al., , 2011 Puts et al., 2013; Stone et al., 2011; Tofthagen et al., 2012) , one had 223 participants (Twiss et al., 2009) , and another had 352 participants (Overcash & Beckstead, 2008) . The majority of the population was aged 50 years and older, but two studies recruited participants with an age range of 18 years and older (Stone et al., 2011; Tofthagen et al., 2012) , and a third study commenced its age range at 35 years (Twiss et al., 2009 ).
Four of the 10 studies included a control or comparison group (Chen et al., 2009; Mohile et al., 2011; Overcash & Beckstead, 2008; Spoelstra et al., 2010) , with all other studies reporting on participants who had a cancer diagnosis only and comparing treatments (including chemotherapy and exercise) (Bylow et al., 2008 (Bylow et al., , 2011 Puts et al., 2013; Stone et al., 2011; Tofthagen et al., 2012; Twiss et al., 2009) . Three of these controlled studies recorded numbers of fallers and were included in the meta-analysis (see Table 1 ). The metaanalysis revealed an increased risk of falling in the survivor group (risk ratio: 1.11, 1.05-1.18, p = 0.0006). Heterogeneity was 90%.
Falls
Comparison of fall data across studies was problematic because of lack of consistent definition and description of a fall, varying time frames for fall data collection, and the variation in the reporting of falls incidence data. Only 2 of the 10 articles included a definition of a fall (Overcash & Beckstead, 2008; Stone et al., 2011) . Four articles provided no description of falls (Bylow et al., 2008 (Bylow et al., , 2011 Puts et al., 2013; Twiss et al., 2009) , one only recorded a fall if two or more falls were reported (Chen et al., 2009) , and one only recorded falls that were injurious (Tofthagen et al., 2012) . The remaining two articles described fallers if a fall had occurred and did not count actual falls Spoelstra et al., 2013) . Time frames for data collection varied from three months to two years. In addition, the outcome measures for fall rates were described variously as percentage of fallers in 3 months (Bylow et al., 2008; Puts et al., 2013) , 3-6 months (Spoelstra et al., 2013) , 6 months (Bylow et al., 2011) , or 12 months (Overcash & Beckstead, 2008; Mohile et al., 2011) ; annualized percentage of fallers if greater than two falls (Chen et al., 2009 ); percentage of fallers or falls per thousand person-years (Stone et al., 2011) ; percentage of fallers with fall-related injuries since commencement of treatment (no time frame) (Tofthagen et al., 2012) ; and number of falls in 24 months (Twiss et al., 2009) .
Discussion
This meta-analysis indicates that accidental fall rates in community-dwelling adults with cancer are higher than in a comparable community-dwelling population. The review reports a high degree of variability in the rates of falls reported because of the heterogeneity of the populations with respect to type and stage of cancer, including current and past treatments. Multiple definitions of falls and ways of reporting (time frame and methods of data collection) are also factors that affect these results.
The meta-analysis of three studies Overcash & Beckstead, 2008; Spoelstra et al., 2013 ) (total number of participants = 169,996) provides evidence for a higher number of falls in survivors, but this must be interpreted with caution because a high level of heterogeneity and moderate bias exist in the included studies. The largest study in the current analysis was highly weighted in the model because of its large sample size of 12,480, but the differences in fall rates between the groups were quite small (26% for the cancer group and 22% for the non-cancer group). Of note, these rates are lower than would be expected in a similar-aged population (65 years and older), which may reflect that data used in the current study were collected from a large database. The smallest study (N = 352) (Overcash & Beckstead, 2008) included in the current meta-analysis found a lower rate of falling in the cancer group, but the authors used as a comparator patients from a general practice clinic with three or more comorbidities ( -X = 5.9 comorbidities), potentially introducing selection bias into that study. The comorbidity level of those with cancer was not described in that study. Spoelstra et al. (2013) reported higher numbers of fallers in the cancer group (odds ratio = 1.16; 33% compared to 29% in three to six months), using data that had been adjusted for cognitive impairment, weight loss, pain, and number of comorbidities. The health status of the comparator groups and comorbidities of the cancer group in this study appear to be influential in these results.
The variation in falls rates in patients with cancer described in the current meta-analysis and review may be attributed to the time frames used to record fall data and overall health and functional status of the groups. The study that reported higher rates of falls recorded data during a relatively short time frame of three to six months. The annualized figure for this group may be inferred to be much higher, but the large variation in data collection time frames precludes meaningful extrapolation. Differences in how falls were described to and by participants also may be a confounding factor, but because two articles in the meta-analysis did not provide a definition of a fall, the magnitude of this is unknown. The inclusion of standardized reporting measures in relation to falls in additional studies, similar to the Prevention of Falls Network Europe recommendations (Lamb, JrstadStein, Hauer, & Becker, 2005) , would allow better comparison and interpretation of studies, improving the strength of evidence in this area and reducing the variability in reported fall rates within a population.
Other reasons for the differences in fall rates among the 10 studies included in the current review may relate to attributes of the populations studied in terms of cancer type and treatment, and the resultant functional abilities of those people. Although some studies included participants with any cancer, three studies included only people with prostate cancer (Bylow et al., 2008 (Bylow et al., , 2011 or breast cancer (Twiss et al., 2009) . Two studies recruited people aged older than 18 years, but most of the eligible studies included only older adults (aged older than 50 years or postmenopausal). No articles reported details on bone or neural tumors alone; therefore, no conclusions can be made regarding the role of these cancers as causal factors for falls.
Side effects of chemotherapy treatments can be peripheral neuropathy (Kuroi & Shimozuma, 2004) , which affects the quality of sensory information required for balance control and muscle output in the lower limbs to maintain stability. One article included in the review but not the meta-analysis recruited participants who were undergoing treatment and had at least one sign of peripheral neuropathy (Tofthagen et al., 2012) . The authors reported a rate of 19% for injurious falls; however, the rate of total falls in this study was not reported. This appears to be comparable with previously published data for injurious fall rates in older adults of 13% for men and 27% for women (Luukinen, Koski, Honkanen, & Kivelä, 1995) .
Two studies in the current review included details of the treatments undertaken and reported higher rates of falling in survivors undergoing chemotherapy compared to survivors not undertaking treatment (Bylow et al., 2011; Overcash & Beckstead, 2008) . Deconditioning, caused by treatment-induced fatigue, is one risk factor for falls of which oncology nurses should be aware (Holley, 2002) . Cancer and its treatment are linked to fatigue, with its prevalence being reported as much as 90% (Prue, Rankin, Allen, Gracey, & Cramp, 2006) , with ongoing fatigue reported (de Jong, Courtens, Abu-Saad, & Schouten, 2002) . This may persist for years in as many as 75% of survivors (Daniëls, Oerlemans, Krol, van de PollFranse, & Creutzberg, 2013) and may affect physical performance and result in deconditioning because of lack of ability to engage in usual activities. Physical deconditioning in the general older population has been attributed to an increase in fall rate and injuries (Gregg, Pereira, & Caspersen, 2000) , with increased rates of falling significantly associated with limitations in physical activity caused by a health problem (O'Loughlin, Robitaille, Boivin, & Suissa, 1993) . Large limitations of physical activity after cancer diagnosis have been reported, with reductions in people meeting recommended exercise guidelines from 70% before breast cancer diagnosis to 39% after treatment, and further reducing to 15% after a second round of treatment (Andrykowski, Beacham, & Jacobsen, 2007) . Health practitioners have a role in providing information and encouraging appropriate physical activity to prevent deconditioning and subsequent adverse outcomes. The American Cancer Society provides detailed exercise guidelines that include advice regarding maintenance of physical activity for people with cancer, even in the acute stages of treatment, to prevent deconditioning (Kushi et al., 2006) . They do not include recommendations for balance training for falls prevention.
Cancer pain has been shown to be a strongly significant factor in accidental falls (Stone, Lawlor, Savva, Bennett, & Kenny, 2012) . Pain of sufficient magnitude to interfere with daily activities also has been identified as a factor that increases fall rates in the general community by an adjusted prevalence ratio of 1.42 (p = 0.0001) (Blyth, Cumming, Mitchell, & Wang, 2007) . Pain associated with cancer also may restrict physical activity, aggravating the fall risk effect. Healthcare professionals have an important role to play in assisting people with cancer to manage their pain effectively to minimize the effect on activities of daily living.
The manner in which fall data were recorded introduces the possibility of under-and over-reporting. Studies relied on self-reporting (Bylow et al., 2008; Overcash & Beckstead, 2008; Tofthagen et al., 2012; Twiss et al., 2009) , completion of questionnaires with recall ranging from three to six months to two years (Bylow et al., 2011; Chen et al., 2009; Puts et al., 2013) , or samples taken from large medical databases Spoelstra et al., 2013) . Using large databases containing healthcare records for evaluating falls in the community introduces a potential reporting bias. Previous evaluation of this method has shown that less than 20% of falls are recorded by patients (Haga et al., 1996) . In contrast, in one study included in the current review, weekly phone calls or in-person interviews were conducted with participants during a six-month period to help eliminate problems with recall over a longer period of time . In Stone et al. (2012) , people with advanced cancer reported a higher fall rate of at least 50% during a six-month period.
All studies included in the current review presented with some degree of bias (see Table 2 ). Six studies (Bylow et al., 2008 (Bylow et al., , 2011 Chen et al., 2009; Overcash & Beckstead, 2008; Spoelstra et al., 2013; Tofthagen et al., 2012) were deemed to have detection bias. Lack of definitions of outcome measures and the lack of the comparability of these measures (i.e., measuring two falls or injurious falls will not provide the same results as measuring one fall) were included as reasons for allocating this bias to those studies. Selection bias was allocated to seven studies (Chen et al., 2009; Mohile et al., 2011; Overcash & Beckstead, 2008; Puts et al., 2013; Stone et al., 2011; Tofthagen et al., 2012; Twiss et al., 2009 ). Limitations to age and gender in recruitment and having populations including only participants undergoing active treatment resulted in a lack of generalizability of results from these selected populations. Inconsistent intra-study time frames for these outcome measures produced reporting bias in two studies (Stone et al., 2011; Tofthagen et al., 2012) . Heterogeneity was high because of different populations studied, types of cancer, stages of the disease process, functional levels, and definitions of events.
Knowledge Translation
• Community nurses are well placed to implement screening for falls in patients with cancer.
• Management of pain to promote maintenance of function by nurses may reduce fall incidence.
• Nurses can use their role as information sources to encourage appropriate physical activity and assist clients in managing fatigue.
To allow for more effective analysis of additional studies, consistency across the method of recording fall outcomes, terminology that allows comparison across time frames of different studies (e.g., falls per 1,000 person-years), and use of a standard definition of an accidental fall will allow a fuller comparison of fall rates between survivors living in the community and the healthy population.
Conclusion
The current meta-analysis indicates that accidental fall rates in community-dwelling adults with cancer are higher than in a comparable community-dwelling population. The current review indicates that reasons for increased rate of falls in survivors may include factors pertaining to the functional level of the people during or post-treatment, pain, fatigue, and any treatment that they are undertaking.
Implications for Nursing
Fall rates in people with cancer are high, and oncology and community nurses can play a role in identifying and reducing these adverse events. Nurses are well placed to identify people with cancer who may be at higher risk for falls as a result of their physical functioning or treatment stage, and to provide education, advocacy, and support. Nurses need to be aware of falls risk factors that particularly affect patients with cancer, including fatigue, pain, and deconditioning. The level of fatigue in patients with cancer is high and may lead to deconditioning through inactivity. Nurses can provide advice and encouragement about maintaining daily activities and helping patients address barriers to physical activity by providing practical problem-solving suggestions. The therapeutic relationship that nurses develop with their patients with cancer facilitates communication about levels of pain, leading to more effective pain management and assisting in the prevention of accidental falls. Nurses need to closely monitor patients undergoing active cancer treatment (e.g., chemotherapy) because this may require specific advice to clients and modification of activities or surroundings. The continuity of care provided by nurses means that they are a valuable source of information and are in a unique position to maintain and improve levels of physical activity in people with cancer, thereby reducing their risk of falls (Loprinzi, Cardinal, Winters-Stone, Smit, & Loprinzi, 2012) .
